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1. The discharges of two motor units were identified in an intrinsic hand muscle (first dorsal
interosseous, FDI) or an axial muscle (lumbar paraspinals, PSP) in ten healthy subjects. Each
motor unit was situated in the homologous muscle on either side of the body (bilateral
condition) or in the same muscle (ipsilateral condition). The relationship between the times of
discharge of the two units was determined using coherence analysis.

2. Motor unit pairs in the ipsilateral FDI showed significant coherence over the frequency
bands 1-10 Hz and 12—40 Hz. Motor units in the ipsilateral PSP were significantly coherent
below 5 Hz. In contrast there was no significant coherence at any frequency up to 100 Hz in
the bilateral FDI condition and only a small but significant band of coherence below 2 Hz in
the bilateral PSP condition.

3. Common drive to motor units at frequencies of < 4 Hz was assessed by cross-correlation of
the instantaneous frequencies of the motor units. A significantly higher coeflicient was found
in the ipsilateral FDI, ipsi- and bilateral PSP compared with shifted, unrelated data sets.
This was not the case for the bilateral FDI condition.

4. The presence of higher frequency coherence (> 10 Hz) in the ipsilateral FDI condition and
its absence in ipsilateral PSP is consistent with a more direct and influential cortical supply
to the intrinsic hand muscles compared with the axial musculature. The presence of low
frequency drives (< 4 Hz) in the bilateral PSP condition and its absence in the bilateral FDI
condition is consistent with a bilateral drive to axial, but not distal, musculature by the
motor pathways responsible for this oscillatory input.

within the same muscle and between different muscles are
not controlled in isolation (Shinoda et al. 1981). A degree of

Hand and axial muscles differ in their functional use,
principally participating in prehension or postural control

and locomotion. These functional differences are mirrored
by differences in their neural control. Direct corticomoto-
neurone projections, for example, seem to be important for
manual dexterity (Lemon, 1993). Differences in the response
of hand muscles and proximal and axial muscles to trans-
cranial magnetic stimulation of the motor cortex support the
importance of these projections in the control of hand
muscles in humans (Rothwell et al. 1991). In contrast, there
may be more significant control of axial muscles from
brainstem and spinal centres (Kuypers, 1981). The neural
control of hand and axial muscles also differs in the degree
of lateralisation, with hand muscles being predominantly
controlled by the contralateral motor cortex and axial
muscles receiving bilateral input from many sites along the
neuraxis (Kuypers, 1981). Branching of presynaptic axons
to numerous motoneurones means that motor units both

common control may be important in both simplifying the
recruitment of motor units (De Luca & Erim, 1994) and in
the formation of functional synergies between muscles
(Lemon, 1993). One consequence of a common input to
motoneurones is the synchronisation of discharges above
that expected by chance (Sears & Stagg, 1976; Datta &
Stephens, 1990). Motor unit synchronisation has been
extensively investigated within and between hand muscles
(Datta et al. 1991; Bremner et al. 1991a; Farmer et al.
1993a,b). The abolition of motor unit synchronisation
following stroke (Datta et al. 1991; Farmer et al. 1993b) or
spinal cord lesions (Davey et al. 1990) and its preservation in
the presence of peripheral deafferentation (Farmer et al.
1993a) suggest that synchronisation is caused by central,
probably corticospinal, sources.
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Two or more motoneurones may also show an increase in
the degree of synchrony if the inputs they receive are
themselves synchronised, rather than simply branched. The
degree of motor unit synchronisation in the hand is
correlated with the presence of a common rhythmic drive
in the frequency range 15-30 Hz, as determined by the
presence of coherence between the firing of unit potentials
over this frequency band. This 15-30 Hz oscillatory
influence is also abolished by stroke (Farmer et al. 1993b). In
recent years other methods of investigation such as
extracellular recordings in animals, electro-encephalogram
(EEG) and magneto-encephalogram (MEG) have supported
the hypothesis that higher frequency oscillatory drive to
muscle involves circuits within the motor cortex (Sanes &
Donoghue, 1993; Murthy & Fetz, 1996a,b; Baker et al.
1997; Salenius et al. 1997; Halliday et al. 1998; Donoghue et
al. 1998; Brown et al. 1998). Therefore, the presence of high
frequency coherence between two motor units within a
given muscle may be an indicator of the cortical drive to
that muscle.

Other oscillations of central origin at lower frequencies can
also influence motor unit control, namely oscillations between
8 and 12 Hz which underlie the neurogenic component of
physiological tremor (Elble & Randall, 1976) and a low
frequency (< 4 Hz) common modulation of the instantaneous
firing rate of motor units termed the ‘common drive’
(De Luca et al. 1982, 1993; De Luca & Mambrito, 1987;
Kamen & De Luca, 1992). The neural circuits which generate
these lower frequency drives remain unclear, although the
poor correlation of measures of common drive and motor unit
synchronisation (Semmler et al. 1997) and the preservation
of low frequency coherence between motor units following
stroke (Farmer et al. 1993b) suggest that they may not be
mediated by the corticospinal tract.

Thus common presynaptic inputs to motor units may arise
from different neural circuits and may ultimately fashion
motor unit behaviour in different ways. We therefore
compared the influence of common presynaptic inputs on
motor unit pairs in muscles of the hand and back, assessing
the degree of synchronisation and coherence between motor
unit pairs and the correlation between their instantaneous
frequencies.

METHODS

Ten healthy male subjects (aged 36:54 6°1 years, mean + s.D)
participated with informed, written consent according to the
Declaration of Helsinki and the approval of the local ethics
committee. Unilateral or bilateral activity in the first dorsal
interosseous (IPSIFDI and BIFDI) and lumbar paraspinal
(IPSIPSP and BIPSP) muscles were investigated. Data from all four
conditions were collected from six subjects. The remaining four
subjects had data collected and accepted from the IPSIPSP and
IPSIFDI (3 subjects) or from BIPSP, IPSIPSP and IPSIFDI
(1 subject).
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When examining the FDI, the subjects’ right forearm was supported
pronated on a table and the subject abducted the index finger
against a firm stop. The PSP muscles were assessed whilst the
subject sat astride a chair, the subjects partly supporting their
weight with their arms on a table placed in front to minimise
discomfort. Subjects were asked to produce a weak contraction of
the relevant muscle. Auditory feedback of the firing of individual
motor units was given, the subject was asked to keep the motor
unit firing as regular as possible, although they were not asked to
keep the units firing at any prespecified rate.

Individual motor units were recorded using two concentric fine
needle electrodes. When recording from unilateral muscles the
electrodes were placed 1-1:5 c¢cm apart in the muscle belly. When
recording from bilateral PSP the electrodes were at least 5cm
apart. The needles inserted into the paraspinals were medial to the
lateral raphe at the level of L4, in the lumbar iliocostalis and
lumbar longissimus. The signals were band pass filtered (53 Hz to
1 kHz) and amplified. Individual motor units were identified on an
oscilloscope. Motor unit potentials that fell within an adjustable
window were registered as transistor—transistor logic (TTL) pulses
of 1 ms duration (Fig. 14). To isolate units using window
discrimination either a neural pulse sorter was used in conjunction
with a spike processor (model D130, Digitimer Ltd) or two spike
processors were used. The neural pulse sorter, which was built
in-house, imposed a 2 ms delay on the recording of TTL pulses and
this was corrected for during analysis.

In six subjects, surface electromyography (EMG) electrodes
(Ag—AgCl) were attached onto the muscle belly each side of the
needle electrode(s). Prior to the insertion of the needle electrodes
three maximal voluntary contractions (MVC) were recorded. The
surface electrodes remained in place during the experiment.
Surface EMG was filtered (0:53—300 Hz) and digitally rectified off-
line. For the period over which motor unit data were collected the
ratio of the mean amplitude of rectified EMG activity to the mean
amplitude during MVC was calculated. This gave an estimate of the
percentage of MVC produced during the experiment.

All data were recorded on-line onto a personal computer using a
1401 laboratory interface (Cambridge Electronic Design, Cambridge,
UK). Motor unit data were sampled at either 2 or 5 kHz and the
TTL pulses and surface EMG recordings sampled at 1 kHz with a
12-bit resolution. Two types of analysis were then performed
off-line (Fig. 1).

Spectral and coherence analysis

Motor unit data were only accepted for spectral analysis after the
following checks. (1) Motor units were assessed by eye to determine
that the TTL pulses coincided with motor units of constant shape.
(2) Motor units had to fire for over 60 s without ceasing activity for
longer than 2s. (3) Interval histograms of 1 ms resolution and a
maximum interval of 3 s were constructed from each TTL pulse
channel. Data were accepted if less than 1% of the total counts had
an interval of less than 20 ms and less than 3% had an interval of
less than 50 ms. Further, only data in which less than 1% of the
counts were at intervals greater than 500 ms were accepted.

The times of occurrence of the motor unit spikes, registered by the
leading edge of the TTL pulses, were assumed to be realisations of
stochastic point processes. The data were analysed using a frequency
domain method previously described (Rosenberg et al. 1989;
Farmer et al. 1993a,b; Halliday et al. 1995). A Fourier transform up
to a frequency of 100 Hz was performed on disjoint segments of
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data of equal length (1024 data points). The data from each of the
segments were then averaged and the autospectra, cross-spectra,
coherence and associated phase were calculated. The coherence
between motor unit a and b is defined by:

s P
R. A =—"2——
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where f,,(A) and fi,(A) are the autospectra of the 2 point processes
and f,,(A) is the cross-spectrum of the processes. Coherence is a
normalised, unitless measure of linear association which ranges
from O (independence) to 1 (complete linear independence). In the
present study we use it to infer the frequency components present
in common inputs to motoneurones during maintained voluntary
contractions. The frequency resolution was 0:96 Hz for the
coherence and phase data shown.

The coherence data were then pooled using a mean of the individual
coherences weighted according to record length. Data contributing
to the pooled coherence were analysed to determine whether the
values of the individual coherence data differed significantly from
each other at each frequency and if so whether the pooled coherence
was a true representation of the contributing data. This test was
done using the extended difference of coherence analysis introduced
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by Amjad et al. (1997). This technique allows an arbitrary number
of coherence estimates to be compared and combined, and is
based on the use of Fisher’s transformed coherency estimates to
test the hypothesis of equal coherence values at each frequency in
the original records. The complex valued function representing the
square root of the coherence is called the coherency; see Amjad
et al.(1997) for details.

To obtain a measure of association in the time domain the cumulant
density was estimated via the inverse Fourier transform of the
cross-spectrum. Cumulant density functions have an interpretation
similar to a cross-correlation histogram. They have the advantage
that, as with the coherence spectrum, the 95% confidence interval
may be readily estimated (Halliday et al. 1995). The pooled
cumulant density was also calculated using a weighted mean of the
contributing data.

Common drive coefficient

We also used the technique described by De Luca and others to
investigate common modulation of motor unit discharge at very low
frequency (De Luca et al. 1982). This technique depends on the
cross-correlation of heavily smoothed time varying instantaneous
motor unit discharge frequencies (see Fig. 1D and FE). For each
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Figure 1. Individual data from one subject and summary of methodology used in the present

study

A, motor unit potentials recorded from 2 motor units within FDI and their associated TTL pulses. The area
inside the box is shown expanded above. B and C, coherence and associated cumulant density estimates. The
cumulant density peak is shown expanded as an inset in C. D and E, instantaneous frequency for the
2 motor units over the period indicated (D) and the cross-correlogram (£) between the Hanned waveforms

in D.
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data set, two 5 s epochs of data were chosen and the time varying
instantaneous frequency calculated. The data were then smoothed
with a 400 ms wide symmetric Hanning filter and high-pass filtered
to remove DC bias. The two records were then cross-correlated for
lags of +£0:5 s and the highest positive peak within +50 ms of time
zero was calcuated. This has previously been termed the common
drive coefficient (p) (Semmler et al. 1997), a term we shall use
throughout.

Differences in the percentage of maximal voluntary contraction and
the mean interstimulus interval were assessed using a repeated

measures general linear model. Statistical significance was taken as
P <0:05.

RESULTS

The number of motor unit pairs recorded in each condition,
their mean interspike interval and the percentage of MVC
are shown in Table 1. There was a significant difference in
the mean interspike interval of motor units located in the

paraspinals (either IPSIPSP or BIPSP) and those in the first
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dorsal interosseous (either BIFDI or IPSIFDI) (P < 0-001),
with PSP units having longer interspike intervals. During
motor unit recording the contraction produced was a
significantly greater percentage of the maximum (MVC) in
the PSP, compared with FDI. There were no detectable
differences between the left and the right sides (Table 1).

Coherence analysis

Unilateral FDI. The pooled coherence was significant
below 10 Hz and between 12—40 Hz (Fig. 24). The incidence
of peaks of significant coherence within three frequency
bands (<4 Hz, 6-12Hz and 12—40 Hz) and significant
peaks in the cumulant density estimate is indicated in Table
2. Pooled phase and cumulant density estimates showed
that the motor units were synchronised up to 40 Hz (Fig. 2B
and C).

Above 10 Hz the magnitude of coherence in individual
records was not statistically different as indicated by a non-
significant ¥* test. However, below 10 Hz the y” test showed
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Figure 2. Coherence between motor units within IPSITFDI

Pooled coherence (4), phase (B) and cumulant density (C') for 25 motor unit pairs from the right first dorsal
interosseous (IPSIFDI). Pooled phase is only indicated over those periods in which the pooled coherence
was significant. The results of the x* test are illustrated in D, which is significant at < 3-5 Hz and from
5-9 Hz. Horizontal dotted lines in this and subsequent figures indicate the 95 % confidence limits.



J. Physiol.521.2

Motor unit coherence in hand and back muscles

557

Table 1. Motor unit parameters

No. of motor

Total duration

Mean interspike  Mean percentage

Condition  Subject no. unit pairs of data (min)  interval (s) (+s.D) MVC(+s.p)
IPSIFDI 10 25 61 0124+ 005 112+ 94
BIFDI 6 23 47 012 £ 0-04 —
IPSIPSP 9 26 71 0154+ 004 366 + 277
BIPSP 7 22 61 0:16 + 0-04 —

The motor unit parameters for the 4 task conditions IPSIFDI (unilateral FDI), BIFDI (bilateral FDI),
IPSIPSP (unilateral PSP) and BIPSP (bilateral PSP).

that the coherence of the lower frequency peaks varied
between individual recordings (Fig. 2.D). Assessment of the
individual data revealed that all ten subjects demonstrated a
peak below 4 Hz and nine out of ten showed a peak between
6—12 Hz in at least one unit pair. However, the size of the
peaks in these frequency bands varied between subjects and
from record to record in each subject.
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Bilateral FDI. The pooled coherence between two motor
units located in the FDI on opposite sides of the body
showed no significant coherence at any frequency (Fig. 34).
In accord with this the motor units showed no consistent
phase relationship (not shown) and no significant peak in the
pooled cumulant density (Fig. 3B) or in any of the individual
data (Table 2). The pooled data were representative of the
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Figure 3. Coherence between motor units within BIFDI

Pooled coherence (4), cumulant density (B) and y* test (C) for 23 motor unit pairs. One motor unit was
situated in the right and the other in the left first dorsal interosseous (BIFDI). Pooled phase is not indicated
as the pooled coherence showed no sections of significant coherence (see Fig. 24).
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Table 2. Incidence of peaks in motor units (MU)in the coherence and cumulant density estimates
above the 95% confidence limit and mean common drive coefficient

% MU pairs % MU pairs % MU pairs % significant Common drive
with coherence with coherence  with coherence peaks +5msin  coeflicient (p)

Condition <4 Hz 6—12 Hz 15-40 Hz cumulant density (£ s.EM)
TPSTFDI 60 36 24 60 040 + 0-05*
BIFDI 0 0 0 0 0-09 + 0-05
IPSIPSP 57 12 4 12 0-58 + 0-04 *
BIPSP 14 0 0 14 025 4+ 0-05*

A peak was defined as being at least 3 consecutive data points (2:8 Hz or 3 ms wide for the coherence and
cumulant density estimates, respectively). * Significantly different from the unrelated data (P < 0-001,
one-way ANOVA). Coeflicients for the unrelated data were calculated from the time-varying instantaneous
firing frequency of 2 motor units taken from different subjects. A total of 50 pairs were assessed.

sample as there were no significant differences between the  estimate (Fig.4C) and phase relationship (Fig. 4 B) suggested
individual coherence values at any frequency (Fig. 3C'). that the motor unit pairs were synchronised. As with the

Unilateral PSP. The pooled coherence between two motor
units located in the paraspinal muscles on the same side was
significant below 5 Hz (Fig. 44). The cumulant density

A

unilateral FDI data, the ¥ test indicated that there were
significant differences in the incidence and size of coherence
between different records at these frequencies (Fig. 4 D).
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Figure 4. Coherence between motor units within IPSTPSP

Pooled coherence (A4), phase (B), cumulant density (C') and ¥* test (D) for 26 motor unit pairs from the right
paraspinal muscles (IPSIPSP).
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Bilateral PSP. The pooled coherence indicated a small but
significant peak at below 2 Hz (Fig. 54). Only three subjects
showed small significant peaks in the cumulant density
(Table 2) and this was reflected in the pooled cumulant
density which was not significant (Fig. 5C).

Common drive coeflicient

Although the ipsilateral FDI and PSP and bilateral PSP
conditions demonstrated coherence below 4 Hz, coherence
was estimated over long periods. Some of this low frequency
coherence might therefore represent small voluntary
fluctuations in the level of tonic contraction. We tried to
limit the effect of such variations by excluding those data in
which more than 1% of the TTL pulses had an interval
greater than 500 ms, thus excluding regular gaps in the data
that would have affected the frequency analysis. The similar
variance in interspike interval, total number of motor unit
pairs recorded and total length of recording would also
indicate that the observed differences in coherence at low
frequency were not greatly influenced by voluntary waxing
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and waning of the contraction force or fatigue. In addition,
we calculated the common drive coefficient (p) from the
instantaneous firing frequency of motor units over short
(5 8) data sections, in which the firing rate of motor units
remained stable and unaffected by voluntary modulation
(see Methods and Fig. 1). Individual examples from each
condition are illustrated in Figs 6 and 7. The common drive
coeflicient varied greatly for a given motor unit pair
depending on which epochs were chosen, which is to be
expected for a statistical parameter estimated from only 5 s
of data. The common drive coeflicients for each condition
were compared with those obtained by correlating sets of
unrelated data. The mean maximum coeflicients are given
in Table 2 and the mean correlations are plotted in Fig.8. A
one-way ANOVA revealed a significant difference between
group effect (P <<0:001). Post hoc tests (Scheffés test)
indicated that there was no significant difference between
the BIFDI and data obtained from unrelated data sets.
Differences were significant between all the remaining
conditions and unrelated data (P < 0-001).
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Figure 5. Coherence between motor units with BIPSP

Pooled coherence (4), phase (B), cumulant density (€) and y* test (D) for 22 motor unit pairs. One motor
unit was situated in the right and the other in the left paraspinals (BIPSP). Note the low coherence values
at the lower frequencies compared with the IPSIPSP condition.
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DISCUSSION

The present study investigated common presynaptic drives
to separate motoneurones, assessing linear interactions only.
We have shown that three of the rhythmic presynaptic
drives so far identified in man may be present in the same
task in a muscle of the distal limb and are associated with
synchronisation between motor units. In contrast, in a
similar isometric contraction task, only those drives of lower
frequency are seen in the discharge of the lumbar paraspinal
muscles, and synchronisation between motor units in the
back is much weaker than in the hand. The estimated
coherence values are around 0-025—0-05 in magnitude and
never exceeded 0-3. Due to the normative nature of coherence
this indicates that around 2:5-5% of the variability of
spike timing in one motor unit discharge can be predicted
by the spike times in the second motor unit discharge; we
attribute this to the effects of common inputs.

J. F. Marsden and others
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Comparison between IPSIFDI and IPSIPSP — high
frequency oscillations

A high frequency band of coherence between two motor
units from 12—40 Hz was present in the unilateral FDI.
High frequency coherence was seen only once between motor
units within the paraspinals despite their producing a higher
percentage of maximal contraction. Strong contractions may
favour the detection of high frequency oscillations (Merton,
1981). The differences in the high frequency drives are, in
turn, reflected by differences in the degree of motor unit
synchronisation which has previously been shown to be
significantly correlated with the presence of coherence in
the 15—30 Hz band. The degree of synchronisation seen was
not felt to be significantly influenced by the differences in
the firing rate seen between the motor units in FDI and
PSP. Bremner et al. (1991 a, b) found no relationship for motor
units within FDI between the degree of synchronisation
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Figure 6. Instantaneous firing frequency and common drive coeflicient for motor units situated

within FDI

Individual motor unit potentials and associated TTL pulses for 3 motor units (A4) and their associated
instantaneous firing frequency (B). Two motor units within the right FDI (R1 and R2) were recorded
simultaneously with a motor unit within the left FDI (L1). C-E, cross-correlations between the smoothed
instantaneous firing frequencies between the motor units indicated. Note the lack of correlation between
motor units recorded within the left and right FDI indicating a lack of common drive to the left and right

intrinsic hand muscles.
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and the firing rate in the range 6—15 Hz which includes the
range seen in the present study.

Previously, Farmer et al. (1993a) found a lower incidence
of significant coherence in the 16—32 Hz frequency band
between two motor units in biceps brachii compared with
FDI, both muscles contracting at 10% of their maximum.
These, and the present results, suggest that the more
proximally located the muscle, the lower the chance of
finding any significant coherence at high frequencies during
isometric contractions.

The present findings are in agreement with the known
anatomy and physiology of the neural control of distal and
axial muscles. Although evidence of direct corticomoto-
neuronal projections to proximal and axial muscles exists in
man (Plassman & Gandevia, 1989), they are felt to be more
numerous to the intrinsic hand muscles (Ferbert et al. 1992;
Palmer & Ashby, 1992). These connections may be important

A
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in the production of fine fractionated finger movements
(Lemon, 1993). Much of the supply to the axial muscles from
the cortex is indirect via relays in the brain stem (Kuypers,
1981). Our results suggest that coherence at higher
frequencies reflect the relative activation of direct cortico-
motoneuronal input to the motoneurones in a given muscle.

Nevertheless, it is possible that tasks different to those used
in the present study may show high frequency coherence
between paraspinal muscles. Task-specific changes in
synchronisation have been observed within both distal
(Bremner et al. 1991 a; Huesler et al. 1998) and axial muscles
(Adams et al. 1989; Gibbs et al. 1995). Gibbs et al. (1995), for
example, showed that synchronisation between the erector
spinae muscles was more common when standing and
balancing than when activating the muscles voluntarily in
lying. The pattern of coherence between motor units or
muscles in tasks such as these remains to be established.
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Figure 7. Instantaneous firing frequency and common drive coefficient for motor units situated

within PSP

Individual motor unit potentials and associated TTL pulses for 3 motor units (4) and their associated
instantaneous firing frequency (B). Two motor units within the right PSP (R1 and R2) were recorded
simultaneously with a motor unit within the left PSP (L.1). C=E, cross-correlations between the smoothed
instantaneous firing frequencies between the motor units indicated. Note that there is a correlation between
the two motor units in the right PSP and a smaller correlation between right and left motor units.
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Comparison between FDI and PSP — low frequency
oscillations

There may be two drives to motor units of low frequency.
The first at around 10 Hz was more evident in the hand
than the back. This drive may contribute to physiological
tremor (Conway et al. 1995), and both coherence at low
frequency (Amjad et al. 1997) and physiological tremor
(Wade et al. 1982) show a large intersubject variability. The
second drive had a frequency of under 4 Hz and may be due
to a central ‘common drive’ which co-modulates the firing
rates of motor units (De Luca & Erim, 1994). Only the latter
common drive was manifest in the bilateral PSP condition.
Voluntary activation and relaxation of muscle activity or
variations in activity due to fatigue (Krogh-Lund &
Jorgensen, 1992) could have contributed to low frequency
coherence, but a similar pattern was also seen after cross-
correlation of short epochs during which the firing rate of
motor units remained more or less stable.
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Comparison of bilateral control of the hand and
paraspinal muscles

The lack of any significant coherence between the firing times
of motor units or correlation between their instantaneous
firing frequency in bilateral FDI is in agreement with
previous findings examining the presence or absence of
peaks in cross-correlograms constructed from two motor
unit trains (Farmer et al. 1990) or multiunit data (Carr et al.
1994). The neural control of the hand is predominantly from
the contralateral hemisphere. In the monkey only an
estimated 59 and 1:6% of corticospinal fibres project
ipsilaterally from area 4 and 6, respectively (Toyoshima &
Sakai, 1982). In contrast, axial muscles receive a substantial
ipsilateral as well as contralateral supply from several levels
of the neuraxis. Indeed, those corticospinal fibres that project
ipsilaterally in the monkey tend to arise from the areas of
cortex representing trunk and axial muscles (Kuypers &
Brinkman, 1970). In humans, an early bilateral response
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Figure 8. Summary of the average cross-correlograms obtained in each condition
Cross-correlograms averaged from all records for IPSIPSP (4), BIPSP (B), IPSIFDI (') and BIFDI (D).

Dotted lines indicate the standard error of the mean. A dashed line indicates the average cross-correlogram

calculated between 50 unrelated data pairs.
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can be seen in the erector spinae following transcranial
stimulation of the motor cortex (Ferbert et al. 1992).
Similarly, descending brain stem projections to the moto-
neurones of the axial musculature, such as those from the
nucleus reticularis gigantocellularis, course the spinal cord
bilaterally or send collaterals to both sides of the cord
(Kuypers, 1981; Mori et al. 1995). The correlation between
instantaneous firing frequencies in the bilateral PSP
condition provides support for a bilateral innervation of
axial musculature in humans.

Functional significance of common oscillatory drives

It has been suggested that oscillations within the band
15-30 Hz may participate in binding the activities of
separate, segregated sensorimotor areas through facilitation
of neuronal synchronisation (Farmer, 1998). Synchronisation
may lead to more effective summation at later stages of
processing, similar to that suggested for perceptual binding
within visual areas (Gray, 1994). This may underlie the
task-dependant synchronisation seen within a given hand
muscle and between separate hand muscles within the same
limb during a functional task (Bremner et al. 1991a,b).
However, the present finding of a lack of common drive at
any frequency to the hand muscles during a bimanual task
suggests that oscillations may not be involved in the binding
of activity between the left and right hemispheres. This is
supported by the demonstration of a lack of increased
interhemispheric synchronisation between neurones with
bimanual tasks as opposed to unimanual tasks in the
monkey (Murthy & Fetz, 19964, b).

The lower frequency common drive acts on a large number
of motor units within and between muscles (De Luca et al.
1982, 1993; De Luca & Mambrito, 1987). The drive has been
proposed to negate any need for the central nervous system
to control motor unit recruitment directly (De Luca & Erim,
1994). The lack of common drive between homologous hand
muscles may allow independent control of the two hands. In
contrast, axial muscles are influenced by a common drive
allowing the axial skeleton to act as a functional whole
during postural control.
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